Relationship between vascular disease and age–associated changes in the human kidney  by Kasiske, Bertram L.
Kidney International, Vol. 31(1987), pp. 1153—1159
Relationship between vascular disease and age—associated
changes in the human kidney
BERTRAM L. KASISKE
Department of Medicine, Hennepin County Medical Center, University of Minnesota, Minneapolis, Minnesota, USA
Relationship between vascular disease and age—associated changes in
the human kidney. To investigate the relationship between atheroscle-
rotic vascular disease and age—associated changes in the normal human
kidney, autopsy findings and renal histology from 57 individuals with
mild systemic atherosclerosis (group I), were compared to 57 sex— and
age—matched individuals with moderate—to—severe atherosclerosis
(group II). Age, sex, body build, the presence or absence of hyperten-
sion, semiquantitative aorta and coronary—artery atherosclerosis
scores, organ weights, and the percent of globally sclerotic glomeruli
were determined in each. Glomerular area, arcuate/interlobular arter-
ies, and percent interstitial fibrosis were measured using standard
morphometnc techniques. Group I individuals had a 8.3 7.0%
incidence of sclerotic glomeruli, compared to 15.4 16.3% in group II
(mean 5D, P < 0.01). Relative intrarenal arterial wall area was
increased in group 11(60 12%) compared to group 1(55 11%, P <
0.05). The mean glomerular area of nonscierotic glomeruli was greater
in group 11(23,700 6,000 sq ) than in group I (19,600 3,700 sq p.,P < 0.01), suggesting that there were compensatory increases in
glomerular size in group II. Interstitial fibrosis was similar in both
groups. The relative impact of age, sex, body build, hypertension,
systemic atherosclerosis, intrarenal vascular disease and interstitial
fibrosis on glomerulosclerosis and glomerular size was investigated
using multiple linear regression. Both age and intrarenal vascular
disease exhibited highly significant, independent associations with
glomerulosclerosis. Glomerular area was positively correlated with
heart weight and coronary artery atherosclerosis. In contrast, there was
no independent correlation between glomerular area and glomerulo-
sclerosis. These results indicated that a significant portion of the
glomerulosclerosis that occurs in aging humans is linked to atheroscle-
rosis. Age—associated compensatory increases in glomerular size, on
the other hand, are related to heart disease, and not to glomeruloscler-
osis per se.
Renal function declines progressively with age. After age
forty, renal blood flow falls about 10% per decade [1, 2]. A
similar, but less marked, decline in glomerular filtration rate
also occurs [1, 2]. The cause of these alterations in function is
unknown. It is important to understand changes in renal struc-
ture and function that normally occur with aging, in order to
distinguish these changes from alterations that occur with
disease. In addition, a better understanding of factors associ-
ated with the development of age related changes in the kidney
may provide insight into factors important in the pathogenesis
of chronic renal failure.
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Both increased dietary protein ingestion and atherosclerotic
vascular disease have been mentioned as possible causes of age
related glomeruloscierosis [3—9]. It has been suggested that
increased glomerular capillary pressure and flow, resulting from
high dietary protein intake, may lead to glomerulosclerosis and
decreased renal function associated with aging [3]. According to
this hypothesis, undamaged nephrons may undergo further
increases in glomerular hemodynamics to maintain normal renal
function. The compensatory increase in function may cause
additional glomerular injury [3].
Atherosclerotic involvement of the intrarenal vasculature has
also been suggested to cause age associated glomerulosclerosis
and decreased renal function [4—9]. Although there have been a
number of descriptive histologic studies of age related changes
in the human kidney [4, 5, 8, 10—12], little is known about the
precise relationship between age, atherosclerosis, and altered
renal histology. Both glomerulosclerosis and intrarenal vascular
disease have been shown to increase with age [4, 12]. Several
authors have noted an apparent association between intrarenal
vascular disease and the incidence of glomerulosclerosis in
aging kidneys [4, 5, 7, 8]. However, when vascular disease and
glomerulosclerosis were assessed quantitatively, no statistically
significant correlation between the two was found [12]. Simi-
larly, the relationship between age, hypertension, glomerulo-
sclerosis, vascular disease, and interstitial fibrosis is unknown.
The present study was designed to assess the impact of
vascular disease on glomerulosclerosis in humans. This was
investigated by comparing renal histology in two age— and
sex—matched groups of individuals with different amounts of
systemic atherosclerosis. In addition, the relative impact of age,
sex, body build, hypertension, systemic atherosclerosis, intra-
renal arcuate/interlobular arterial disease, and interstitial fi-
brosis on glomerulosclerosis was examined using multiple
linear regression. Glomerular areas were also measured to
determine whether glomerulosclerosis is associated with com-
pensatory hypertrophy of undamaged nephrons.
Results demonstrated strong, independent associations be-
tween age, intrarenal vascular disease and glomerulosclerosis.
Glomerular area was positively correlated with heart weight
and coronary artery disease. In contrast, no independent cor-
relation between the degree of glomerulosclerosis and the area
of residual intact glomeruli was found, suggesting that glomer-
ulosclerosis per se may not have caused compensatory in-
creases in glomerular area.
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Methods
Study population
Two matched groups of individuals were selected from the
Hennepin County Medical Examiner's records. Fifty—seven
individuals with evidence of mild vascular disease (group I)
were matched by age and sex with 57 individuals who had
moderate—to--severe systemic atherosclerosis (group II). All
individuals were selected, without knowledge of microscopic
findings, according to age, sex, and degree of systemic athero-
sclerosis described in the autopsy records. Only individuals
who died within 24 hours of presentation were included. Indi-
viduals who had evidence of overt renal disease, such as renal
infarction, neoplasia, or renal artery stenosis, were excluded.
The following information was obtained from the autopsy
records: age, sex, height (ht), weight (wt), cause of death, liver
weight, combined kidney weight, and heart weight. Interviews
with family members and primary physicians, conducted at the
time of death, were used to determine whether the individual
had a history of hypertension, or had been treated with antihy-
pertensive medications. Body surface area was calculated from
height and weight using the formula of DuBois and DuBois [131.
Body mass index was calculated as wt(kg)/ht(m)2. The degree of
atheromatous involvement of the coronary arteries and the
aorta were each scored separately as follows: 0 = no involve-
ment; 1 = trace amount, or less than 25% occlusion; 2 = mild
amount, or 26 to 50% occlusion; 3 moderate amount or 51 to
75% occlusion; and 4 = severe amount, or 76 to 100% occlu-
sion.
the sample were determined. This method was used to deter-
mine relative glomerular size, and not to measure true glomer-
ular area.
In order to accurately assess the degree of intrarenal vascular
disease, only vessels sectioned at a right angle were studied. To
assess the degree of intrarenal disease, arcuate and intralobular
arteries were measured. There were 3.7 1.5 (mean SD)
vessels suitable for measurement in each tissue specimen.
Cross—sectional areas of the artery and the arterial lumen were
both calculated using the formula: area = ¼r ab, where a and
b are the major and minor axes of an ellipse [15]. To reduce
variability resulting from differences in the size of the vessels
measured, the degree of vascular disease was also assessed by
normalizing wall area to the total cross—sectioned area of the
vessel. Thus, the degree of intrarenal arterial disease was
estimated by the percent of vessel cross—sectioned area occu-
pied by arterial wall (100 x wall area/total vessel area). This
measure of vascular disease is referred to as 'arterial wall
area," and reflects the thickness of the vessel wall, but not
necessarily the degree of vascular occlusion.
Afferent and efferent arterioles were measured using oil
immersion. Only afferent and efferent arterioles sectioned at
right angles, and juxtaposed at the vascular pole of a
glomerulus, were assessed. In these instances, arteriolar area,
lumen area and relative wall area were measured for both
vessels as described above. Afferent and efferent arterioles
suitable for measurement were found in only 17 individuals.
Statistical analysis
Histology
Renal tissue that had been formalin fixed and stored in parafin
blocks was cut in 5 s sections and stained with Masson's
trichrome stain. In 75 instances a single block of tissue was
available for study. In 39 individuals, tissue from both kidneys
was available. A wax marker was used to divide the mounted
tissue specimen into three approximately—equal cortical zones:
outer cortical, intermediate, and juxtamedullary. In each zone
of each specimen, both the total number and the number of
completely hyalinized glomeruli were counted. Each individual
had 285 172 (mean SD) glomeruli available for study. All
tissue was examined without knowledge of the group to which
the individual belonged. Hyalinized, or sclerotic, glomeruli
were defined as those that had complete replacement of normal
tuft architecture by acellular trichrome—positive material.
The amount of interstitial fibrosis was assessed using a point
counting technique [11]. In each zone of each specimen, 10
grids, each with 100 points, were counted using 20X magnifi-
cation. The number of points falling on trichrome positive
interstitial tissue was divided by the total number of points
falling on non-glomerular and non-vascular structures to obtain
the percent of interstitial fibrosis.
The mean glomerular area for each tissue specimen was
determined as previously described [14]. In each tissue speci-
men the long and short axes of 80 non-sclerotic glomerular tufts
were measured using an eye piece micrometer at 400 X magni-
fication. Area was calculated as -irab, where a and b were the
short and long axis measurements of each glomeruli. For each
specimen, the mean glomerular area and standard deviation of
Data are expressed as means SD unless otherwise indi-
cated. Differences between the means of the two groups were
tested for statistical significance using Student's t-test. Differ-
ences between the means of more than two groups were
analyzed using analysis of variance with Bonferoni's method
for comparing multiple groups. Differences in the proportion of
individuals with hypertension were analyzed using the Chi
square method. All differences were considered significant for P
<0.05.
Data were also analyzed using multiple stepwise linear re-
gression as previously described [16]. The skewed distribution
of the percent sclerotic glomeruli was normalized using appro-
priate transformations. Results were similar with either loga-
rithmic or arcsin transformations, and the former was used in
expressing the results. Since the relative arterial wall area was
a percent value, an arcsin transformation was also used for this
independent variable. This transformation did not alter the
regression relationships, and results were expressed using the
untransformed data. No other transformations were used in this
regression analysis. Numerous models for glomerulosclerosis
incorporating combinations of the study variables were sequen-
tially compared t17, 18]. In this manner, the models that best
predicted the amount of glomerulosclerosis were defined, and
variables that did not independently contribute to the model
were identified. A similar analysis was carried out for glomer-
ular area and interstitial fibrosis. Since the atherosclerosis
scores represented discreet data, this variable was also modeled
as a categorical variable. The results were not altered by using
this approach.
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Table 1. The relationship between systemic atherosclerosis and hypertension, organ weights, and renal histology (mean SD)
Characteristics
Mild
atherosclerosis
Moderate—severe
atherosclerosis P value
Age y 58.8 15.5 58.7 15.2 —
Sex male :female 29:28 29:28 —
Hypertension % 13.0 28.6 0.04
Antihypertensive meds. % 5.6 17.9 0.05
Weight kg 70.5 16.2 74.9 21.2 0.24
Body surface area sq meters 1.79 0.24 1.84 0.29 0.29
Body mass index kg/sq meters 25.1 4.6 25.9 6.1 0.41
Liver weight g 1767 454 1936 598 0.09
Heart weight g 367 75 435 100 0001
Kidney weight g 314 92 345 103 0.09
Coronary atherosclerosis 0.77 0.64 1.33 0.78 0.001
Aortic atherosclerosis 0.41 0.49 1.61 1.03 0.001
Intrarenal arterial area sq 14,850 3090 15,640 4200 0.29
Intrarenal arterial lumen sq 6,950 1800 5,950 2301 0.02
Intrarenal art. wall area % 54.7 10.8 59.9 12.3 0.02
Sclerotic glomeruli % 8.3 7.0 15.4 16.3 0.003
Interstitial fibrosis % 15.9 8.0 18.0 8.9 0.18
Glomerular area sq 19,600 3730 23,680 6020 0.001
Accuracy of measures
In order to assess the degree of variability in tissue sampling,
and in the method for determining the percent of sclerotic
glomeruli, two pieces of tissue from the same individual, that is,
one from each kidney, were compared. There were 39 individ-
uals in which tissue from both kidneys had been randomly
sampled at the time of autopsy. The percent difference between
the two determinations, 100 x (A — B)/(A + B), was 25.5
22.8%. Furthermore, the Mantel—Haenszel chi square statistic
was 7.83 (P < 0.01), indicating significant variability in the
percent of sclerotic glomeruli between the two kidney—tissue
specimens.
To assess the degree of variability in the percent interstitial
fibrosis determination, a random sample of 16 individuals, in
which tissue from both kidneys was available, was examined.
The percent difference between the two determinations was 5.1
4.2%. The Mantel—Haenszel chi square statistic was 0.24 (P
< 0.05), indicating little variability in the interstitial fibrosis
determinations between two kidneys.
The number of blood vessels in each tissue specimen suitable
for measuring cross—sectional areas did not permit a valid
analysis of the accuracy of this determination. However, rela-
tive arterial wall area paralleled the degree of vascular injury
assessed qualitatively. The accuracy of the technique for mea-
suring glomerular cross—sectional areas has been previously
described [14].
Results
Patient characteristics
There were 57 individuals in both mild (group I) and
moderate—to—severe (group II) atherosclerosis groups. Within
each group there were 29 males and 28 females (Table 1). The
mean age in both groups was 59 15 (range 29 to 95) years. Not
surprisingly, there were more deaths associated with complica-
tions of atherosclerosis in group II than in group I. In group II,
24 of 57 (42%) died suddenly of a presumed arrhythmia and/or
myocardial infarction. No such deaths were recorded among
Age, years
Fig. 1. The influence of systemic atherosclerosis on the relationship
between age and glomerulosclerosis. Least squares best fit lines for
logarithm of glomeruloscierosis (%) vs. age for group I (solid points and
solid line) and group II (open circles and dashed line).
group I individuals. Other causes of death included: multiple
trauma (30% in group I, and 7% in group II), exsanguination (9
and 2%), toxic ingestion (14 and 7%), carbon monoxide poison-
ing (7 and 5%), neurologic (5 and 7%), other causes (18 and
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Table 2. Correlations between autopsy findings and renal histology
Age
Heart wtl
BSA
Kidney wt/
BSA
Coronary
athero-
sclerosis
Aortic
athero-
sclerosis
Intrarenal
art, wall
area
Ln scler.
glomeruli
(%)
Glomerular
areaJBSA
Age — 036" —0.11 0.06 0.39" 065" 0.12
BSA —0.22 —0.03 0.15 0.04 —0.06 0.16 —0.21 —0.40"
Hypertension 0.22 0.17 0.03 0.21 0.18 —0.32" 0.32" 0.24a
Antihypertensive meds. 0.32" 0.07 0.01 0.16 0.23 —0.36" 0.41" 0.03
Heart wt/BSA 0.36" — 0.20 041b 036b 032I 033b
Kidney wt/BSA —0.11 0.20 — 0.16 —0.13 0.02 —0.18 0.19
Coronary atherosclerosis 0.06 0.41" 0.16 — 0.55 0.27a 0.20 0.33"
Aortic atherosclerosis 0.39" 0.36" —0.13 055b 0•33b 0.40" 0.15
Ln scler. glomeruli (%) 0.65" 032" —0.18 0.20 040b 065b 0.28a
Glomerular areaJBSA 0.12 0.33" 0.19 033b 0.15 0.21 0.28a
Interst. fibrosis (%) 0.20 0.08 —0.13 0.19 0.15 —0.12 0.17 0.13
Intrarenal art. area 0.12 —0.02 —0.02 0.06 0.04 0.22a 0.22k' 0.13
Intrenal art. lumen —0.41" —0.36" —0,05 —0.31" —0.39" —0.62" —0.08
Intrarenal art, wall area 0.53" 032b —0.02 0.27" 033b 0.65" 0.21
Abbreviations are: BSA, body surface area; scler., sclerotic; interst., interstitial; wt., weight; Ln, logarithm; art., arterial.
aP < 0.05
b P < 0.01
21%), and unknown (11 and 11%). The percentage of individu-
als with hypertension was similar to that previously described
for the general population [19]. More than twice as many group
II individuals had hypertension, or had been taking
antihypertensive medications, compared to group I (Table 1).
There were no significant differences in body build between
the two groups. Height, weight, body surface area, and body
mass index were similar in both groups (Table 1). Nevertheless,
there appeared to be a trend towards increased organ weights in
group II. Thus, both liver and kidney weights were slightly
greater in group II, although these differences were not statis-
tically significant (Table 1). Heart weight was significantly
increased by 19% in group II compared to group I (Table 1).
Differences in coronary artery and aorta atherosclerosis
scores confirmed the greater amount of systemic atherosclero-
sis in group II individuals (Table 1). However, there was
considerable variability within the two groups, and many group
I individuals had mild—to—moderate artheromatous involve-
ment. Histologically, these differences in systemic atheroscle-
rosis were reflected by significantly—greater intrarenal vascular
damage in group II. Group II individuals had slightly larger
intrarenal arterial cross—sectional areas, but this difference was
not statistically significant. Lumen area was significantly re-
duced in group II (Table 1). Relative arterial wall area was also
significantly different between the two groups (Table 1). There
were no statistically significant differences in afferent or efferent
arteriolar measurements between the two groups, but the
number of individuals that could be evaluated was small (N =
17). The percent of sclerotic glomeruli was almost twofold
greater in group II (Fig. 1). Group II kidneys also demonstrated
a 21% increase in the mean area of non-sclerotic glomeruli
(Table 1). Interstitial fibrosis, on the other hand, was not
different between the two groups (Table 1).
Correlations between autopsy findings and glomerulosclerosis
Results of simple linear regression analysis suggested that
both age and the degree of intrarenal vascular disease were
strongly associated with glomerulosclerosis (Table 2). There
was a weak positive correlation between arterial cross—
sectional area and glomeruloscierosis, and a stronger inverse
correlation between intrarenal arterial lumen area and glomer-
ulosclerosis (Table 2). Using relative wall area as an index of
arterial damage, an even stronger association with glomerulo-
sclerosis was seen (Table 2). There was also a highly significant
correlation between the amount of aortic atherosclerosis and
the incidence of glomerulosclerosis. In contrast, the correlation
between coronary artery atherosclerosis and glomenilosclero-
sis was not statistically significant (Table 2). There were also
statistically significant associations between hypertension and
both intrarenal vascular disease and glomerulosclerosis (Table
2).
There were no statistically significant correlations between
afferent and efferent arteriolar measurements and glomerulo-
sclerosis, but the number of individuals that could be evaluated
was small (N = 17). The relative afferent arteriolar wall area,
however, was associated with age (r 0.39, P = 0.06), and
outer cortical glomerulosclerosis (r =0.49,P = 0.02). Similarly,
the relative efferent arteriolar wall area correlated with age (r =
0.47, P = 0.03), glomerulosclerosis (r = 0.42, P = 0.04) and
outer cortical glomerulosclerosis (r = 0.52, P = 0.02). Both
afferent and efferent arteriolar relative wall area correlated with
the relative wall area of larger intrarenal vessels (r = 0.48, P =
0.03, and r = 0.52, P = 0.02, respectively).
In order to determine which study variables independently
best explained differences in glomeruloscierosis, stepwise
linear—regression analysis was carried out. Although many
different models were examined, those that best explained the
variability in the percent of sclerotic glomeruli included both
age and relative intrarenal arterial wall area (Table 3). Both
variables contributed independently, and equally well, to the
models explaining glomeruloscierosis (Table 3). Sex, body build
characteristics, hypertension, organ weights, systemic athero-
sclerosis, and interstitial fibrosis did not have statistical-
ly—significant independent correlations with glomerulosclerosis,
after age and intrarenal vascular disease were taken into ac-
count (Table 3). Intrarenal artery and arterial lumen areas did
not contribute to models of glomerulosclerosis per Se. Simi-
larly, afferent and efferent arterioles did not correlate indepen-
Vascular disease, age and the kidney 1157
Distribution of sclerotic glomeruli
-v
CD
C,
CD
0
C,
CD
0
C,
Co
0
3
CD
C
dently with glomerulosclerosis, although there were not enough
individuals with afferent and efferent arterioles to adequately
evaluate their impact of glomeruloscierosis using multivariate
regression.
Correlations between autopsy findings and glomerular area
There were highly significant correlations between heart
weight, coronary artery atherosclerosis, and glomerular area
(Table 2). Aortic atherosclerosis, which showed a strong cor-
relation with glomeruloscierosis, was not significantly associ-
ated with glomerular area (Table 2). Likewise, there was only a
weak correlation between the incidence of sclerotic glomeruli
and glomerular area (Table 2). In order to select the study
variables which independently best explained differences in
glomerular area, stepwise linear regression was carried out. The
best model explaining variability in glomerular area included
heart weight and coronary artery atherosclerosis scores (Table
4). After taking these two variables into account, age, sex, body
build characteristics, glomerulosclerosis, and kidney weight
failed to independently correlate with glomerular area (Table 4).
Correlations with interstitial fibrosis
Among the variables tested, there were no significant corre-
lations with interstitial fibrosis (Table 2). Several different
In all three zones analyzed, the incidence of sclerotic glomer-
uli was greater in group II than in group I. The percent of
sclerotic glomeruli in outer cortical, intermediate, and juxtame-
dullary zones for groups I and II, respectively, were: 14.5
14.6 vs. 21.7 22.7% (P <0.05); 5.6 5.8 vs. 11.5 11.7% (P
< 0.01); and 6.1 4.8 vs. 10.5 11.2% (P <0.01). In both
groups I and II, the percent of sclerotic glomeruli was signifi-
cantly greater in the outer cortical zone compared to the
intermediate and juxtaglomerular zones. When multiple linear
regression analysis was carried out using the percent glomeru-
losclerosis in outer cortical and juxtamedullary zones, results
were qualitatively similar to those obtained from regression
analysis with glomerulosclerosis in all zones combined (Table
3).
The overall severity of glomerulosclerosis had a significant
impact on the distribution of sclerotic glomeruli between zones.
In kidneys in which less than 5.0% of the total number of
glomeruli were hyalinized, there was no significant difference
between the percent of sclerotic glomeruli in outer cortical and
juxtamedullary zones (Fig. 2). In this subgroup, there was
significantly less glomerulosclerosis in the intermediate zone. In
contrast, kidneys with greater than 5.0% hyalinized glomeruli
had significantly more glomerulosclerosis in outer cortical than
in intermediate and juxtamedullary zones (Fig. 2). In addition,
there was a statistically significant positive correlation between
Table 3. Multiple linear regression models of glomerulosclerosis
Variable Coefficient (SE) T Significance
Logarithm percent glomeruloscierosis: whole cortex
Arterial wall area 0.0326 (0.0058) 5.62 0.0000
Age 0.0237 (0.0046) 5.16 0.0000
Constant
—1.1761 (0.3099) —3.80 0.0003
F = 61.0, multiple R 0.74, R2 = 0.55, P < 0.00001
Logarithm percent glomeruloscierosis: outer cortical
Arterial wall area 0.0385 (0.0072) 5.35 0.0000
Age 0.0261 (0.0057) 4.58 0.0000
Constant
—1.3285 (0.3854) —3.45 0.0008
F = 51.4, multiple R = 0.71, R2 = 0,51, P < 0.00001
Logarithm percent glomeruloscierosis: juxtamedullary
Arterial wall area 0.0198 (0.0066) 2.98 0.0036
Age 0.0182 (0.0053) 3.45 0.0008
Constant
—.4016(0.3555) —1.13 0.2613
F = 21.6, multiple R = 0.55, R2 = 0.30, P < 0.00001
Variables not independently contributing significantly to the models
(P> .05): sex, body weight, body mass index, body surface area, heart
weight, kidney weight, atherosclerosis scores, interstitial fibrosis, hy-
pertension, or use of antihypertensive medications.
Table 4. Multiple linear regression model of glomerular area
Coefficient
Variable (SE) T Significance
Heart weight 15 (15) 2.96 0.0037
Coronary atherosclerosis 1,038 (355) 2.92 0.0042
Constant 13,433 (2,006) 6.70 0.0000F = 13.4, multiple R = 0.44, R2 = 0.19, P < 0.00001
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Fig. 2. The effect of the extent of glomeruloscierosis on the distribu-
tion of sclerotic glomeruli. Symbols are: (E) outer cortical zone; •)
intermediate zone; and () juxtamedullary zone. *P < .05 vs. other
two zones.
models were tested using multiple linear regression, but none
significantly explained the variability in interstitial fibrosis.
Percent sclerosis < 5.0% Percent sclerosis > 5.0%
(N= 39) (N= 75)
Variables not independently contributing significantly to the model
(P> .05): sex, body weight, body mass index, body surface area, kid-
ney weight, aorta atherosclerosis score, glomerulosclerosis, vascular
patency, interstitial fibrosis, hypertension, or use of antihypertensive
medications.
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the total percent of hyalinized glomeruli in the outer cortical
zone and the ratio of the outer cortical zone percent of sclerosis
divided by the percent of hyalinized glomeruli in the juxtamed-
ullary zone (r = 0.27, P < 0.01, N 114).
Discussion
The results of this study demonstrated that glomerulosciero-
sis is more severe in individuals with atherosclerosis. When
compared to individuals selected for a mild degree of systemic
atherosclerosis (group I), age—matched individuals with moder-
ate—to--severe atheromatous involvement (group II) had signif-
icantly more intrarenal vascular disease and almost twice the
amount of glomeruloscierosis. Multivariate linear regression
demonstrated that age and the extent of intrarenal vascular
disease both correlated independently, and equally well, with
the percent of hyalinized glomeruli. Furthermore, there was
substantial intra-individual variability in the percent of hyalin-
ized glomeruli, and it is possible that these results underesti-
mated the extent to which age—associated glomerulosclerosis
correlated with vascular disease.
Other investigators have also reported an association be-
tween the extent of intrarenal vascular disease and glomerulo-
sclerosis [4, 5, 7, 81. However, when an attempt was made to
quantitate this association, no statistically significant correla-
tion was found [121. It is possible that this discrepancy in results
was caused by differences in the techniques used for estimating
the percent of sclerotic glomeruli [12]. It is equally likely,
however, that using a larger number of individuals with variable
amounts of systemic atherosclerosis made it possible to dem-
onstrate the relationship between glomerulosclerosis and vas-
cular disease in the present study.
Independent associations between age, intrarenal vascular
disease and glomerulosclerosis were found in both outer corti-
cal and juxtamedullary zones (Table 3). However, the severity
of glomeruloscierosis, and the degree of correlation with age
and vascular disease, were greater for the glomerulosclerosis
occurring in the outer cortical zone (Table 3). Furthermore,
among individuals with a mild degree of glomeruloscierosis,
such as, less than 5%, the number of hyalinized glomeruli was
similar in outer cortical and juxtamedullary zones. However, in
individuals with more severe glomerulosclerosis, the percent of
hyalinized glomeruli was substantially greater in the outer
cortical than in the juxtamedullary zone (Fig. 2). Other inves-
tigations have demonstrated that aging is associated with more
severe vascular damage in the outer, compared to the inner,
renal cortex [5—8]. If, as the data from the present study
suggest, glomerulosclerosis is related to intrarenal vascular
disease, it is possible that the greater amount of age associated
glomeruloscierosis in the outer cortex is the result of a greater
susceptibility of glomeruli in this region to the effects of
vascular disease.
Although this study demonstrated a correlation between
atherosclerosis and glomeruloscierosis, the reason for this
association cannot be determined from these results. The
association may indicate that atherosclerosis caused glomeru-
losclerosis, or that glomerulosclerosis and atherosclerosis
shared one or more common pathogenic mechanisms. Never-
theless, individuals with more severe systemic atherosclerosis
had a greater amount of intrarenal vascular disease, and it was
intrarenal vascular disease, together with age, that was most
closely associated with glomerulosclerosis. Both increased
arcuate/intralobular total arterial cross—sectional area and de-
creased arterial lumen area correlated with glomerulosclerosis
(Table 2). It is tempting to speculate that arterial lumen narrow-
ing may have given rise to ischemia and/or thrombosis that
caused glomerular damage. However, it also possible that
factors important in the development of systemic atherosclero-
sis, such as, hypertension and hypercholesterolemia, were
important in the pathogenesis of both intrarenal vascular dis-
ease and glomeruloscierosis [3, 201. Although the number of
individuals with afferent and efferent arterioles was small,
relative afferent and efferent arterial wall area also correlated
with glomeruloscierosis and the degree of arcuate/intralobular
artery damage. On the other hand, hypertension had no inde-
pendent association with glomeruloscierosis once age and in-
trarenal vascular disease were taken into account. A study
including more individuals and/or more renal tissue will be
required to analyze more precisely the relative impact of
hypertension, arcuate/interlobular arterial damage, and af-
ferent/efferent arteriolar changes.
It has been hypothesized that nephron destruction, resulting
from lifelong exposure to increased dietary protein intake,
might lead to injurious compensatory augmentation in the
function of remaining intact glomeruli [31. It is reasonable to
expect that an increase in the function of residual intact
nephrons may lead to increased nephron size. However, in the
present study there was only a weak correlation between
glomerular area and glomerulosclerosis (Table 1). Indeed, mu!-
tiple regression analysis demonstrated that there was no corre-
lation between glomeruloscierosis and glomerular area indepen-
dent of the stronger association of glomerular area with heart
weight and coronary artery atherosclerosis. Thus, these data
suggested that factors associated with heart disease, and not
glomeruloselerosis per Se, resulted in a significant increase in
glomerular size.
These results do not exclude the possibility that residal intact
nephrons in kidneys with significant glomerulosclerosis had
compensatory increases in function without a change in neph-
ron size. However, most conditions leading to compensatory
increases in nephron function are also associated with glomer-
ular enlargement. Thus, increases in both glomerular filtration
rate and nephron size are seen in response to a surgical
reduction in renal mass, pregnancy, and obesity [21—231.
Other studies have demonstrated increased glomerular size in
patients with congenital cyanotic heart—diease [14, 241. En-
larged glomeruli were also found in normotensive or near—nor-
motensive adults with congestive heart failure [25]. These
results are consistent with the independent association of heart
weight and coronary artery atherosclerosis with glomerular
area found in the present study. The reason for these associa-
tions, however, cannot be determined from the present inves-
tigation. It is possible that hypertension, decreased cardiac
output, increased plasma volume, or venous congestion caused
the increased glomerular area that was observed.
The lack of statistically significant associations between the
amount of interstitial fibrosis and the other study variables was
unexpected. Analysis indicated a high degree of internal con-
sistency in the determination of the percent of interstitial
fibrosis. However, it was difficult to clearly distinguish areas of
dense fibrosis from areas with interstitial edema and fibrosis.
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Thus, it is possible that variable amounts of post mortem edema
may have prevented the detection of significant relationships
with interstitial fibrosis.
In summary, this study demonstrated that the best indepen-
dent correlates to glomerulosclerosis in humans were age and
intrarenal arterial disease. Other variables, such as hyperten-
sion, were not independently associated with glomerulosclero-
sis once age and intrarenal vascular disease were taken into
account. Glomerulosclerosis in this population was most severe
in the outer portion of the renal cortex. The size of intact
glomeruli was significantly correlated with heart weight and
coronary artery atherosclerosis, but not with aortic atheroscle-
rosis or glomeruloscierosis. Together with other experimental
results, these findings suggest the possibility that atherosclero-
sis, or factors associated with atherosclerotic vascular disease,
are important in the pathogenesis of age—associated changes in
renal structure and function.
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